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(54) Wireless communication system and wireless communication method with a plurality of guard

interval lengths

(57) In a wireless communication system which uses
a plurality of guard interval lengths, data format (#2) of a
fixed guard interval length determined at a constant pe-
riod is placed by a transmission station for the purpose
of enabling the determination by a reception station of
the guardinterval length. In addition, in the timing at which
this fixed guard interval length placement information is
placed, variable guard interval length placement infor-
mation is multiplexed to a channel (DCH) for data trans-
mission and transmitted.

In such a system, the guard interval length can be
determined with low power consumption and reduction
ofthe reception station’s processing load without increas-
ing the reception station’s circuit scale.
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Description

[0001] The presentinventionrelates to a wireless com-
munication system and method thereof for inserting a
guard interval into a symbol and transmitting the symbol
to eliminate intersymbol interference due to multipath. In
particular, the present invention relates to a wireless
communication system and method thereof which use a
plurality of guard interval lengths.

[0002] Forexample, in a wireless communication sys-
tem that implements OFDM (Orthogonal Frequency Di-
vision Multiplexing), a guard interval is commonly insert-
ed to strengthen tolerance to multipath interference.
Thus, as shown in Fig. 1, a guard interval is created by
copying the signal at the tail-end part of an effective sym-
bol and is inserted to the head and, with the effective
symbol, serves as one OFDM symbol.

[0003] Fig. 2 shows the effect of delay waves that are
generated due to multipath. When the longest delay due
to multipath is shorter than the guard interval length, such
as until delay wave 2 shown in Fig. 2, the adjacent symbol
component does not enter during the FFT window period.
Therefore, intersymbol interference due to multipath can
be eliminated completely. However, if a delay wave 3,
such as that shown in Fig. 3 exists, the adjacent symbol
component enters and multipath interference is generat-
ed.

[0004] Therefore, increasing the guard interval length
can reduce the effect of delay waves. At the same time,
if the guard interval length is long, transmission efficiency
is reduced, causing a reduction in bit rate.

[0005] Thus, although the guard interval length is pref-
erably set to about the maximum path delay, the guard
interval length must accommodate various cell place-
ments and cell diameters when applying the OFDM wire-
less communication system to a cell phone system. It is
impossible to determine the most suitable guard interval
length for the overall system.

[0006] In addition, because the distribution of delay
paths differ depending on the location of the terminal,
even when the cell diameter is the same, it is difficult to
configure the most suitable guard interval length.
[0007] As described above, it is difficult to apply one
fixed guard interval length to all instances. Therefore, a
wireless communication system is proposed, that can
accommodate a plurality of guard interval lengths of long
guard intervals and short guard intervals for each Sub-
frame. The Sub-frame is the transmission unit of one
transmission, as presented in Format #1 and Format #2
that are examples of data format into which the guard
interval shown in Fig. 3 has been inserted, and perform-
ing adaptive control of the guard interval length through
a wireless state is considered.

[0008] Forexample,inJapanese Published Patent Ap-
plication No. 2000-244441, a system, wherein a base
station determines the guard interval length and notifies
a mobile station of the guard interval length, is disclosed.
In other words, as shown in Fig. 4 as a first example of
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a previously-considered determination of guard interval
length, this is a system wherein notification of guard in-
terval information is given at every Sub-frame in a chan-
nel for notification (notification CH), in correspondence
with a channel for transmitting data (DCH). The mobile
station receives the notification CH at each Sub-frame,
determines the guard interval, and performs DCH
processing.

[0009] In addition, in Japanese Published Patent Ap-
plication No. 2002-247005, as shown in Fig. 5 as a sec-
ond example of a previously-considered determination
of the guard interval length, a system wherein the mobile
station detects the guard interval length from DCH infor-
mation without using other information (blind detection)
and performs DCH processing is disclosed.

[0010] In a wireless communication system using a
plurality of guard interval lengths, the first parameter that
should be known in order to receive transmitted data is
the guard interval length. Therefore, the method for giving
guard interval length notification is a significant issue.
[0011] If a guard interval length notification is given at
every Sub-frame using a notification channel, the recep-
tion station must simultaneously receive a notification
channel for every packet, which is the data transmission
unit, and must determine the guard interval length. Then,
the processing delay in the reception station becomes a
problem. Additionally, the circuit scale increases, caus-
ing more problems.

[0012] Alternatively, if the guard interval length is de-
tected blindly, i.e. without any notification from the trans-
mitter, a high-reliability blind detection is required at every
Sub-frame. This increases the processing load and pow-
er consumption.

[0013] In addition, when a plurality of guard intervals
are provided in the upstream communication from the
terminals to the base station in a wireless communication
system composed of a base station and a plurality of
terminals, if data formats of differing guard intervals are
used when a plurality of terminals perform a simultane-
ous random access such as call requests or a shared
data communication wherein transmission is performed
at the same timing to the base station, interference will
occur and reception characteristics will deteriorate.
[0014] Therefore, itis desirable to enable the determi-
nation of the guard interval length with low power con-
sumption in a wireless communication system that uses
a plurality of guard interval lengths. Embodiments of this
invention can reduce the processing load of the reception
station without increasing the circuit scale of the recep-
tion station.

[0015] In addition it is desirable to prevent the occur-
rence of interference and prevent the deterioration of re-
ception characteristics in a wireless communication sys-
tem. Such a system may be composed of a base station
and a plurality of terminals which use a plurality of guard
interval lengths, and a plurality of guard interval lengths
may also be provided in the upstream communication
from the terminals to the base station.
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[0016] According to an embodiment of a first aspect of
the presentinvention thereis provided, in a wireless com-
munication system which uses a plurality of guard interval
lengths, a communication method that places fixed guard
interval length data format determined at a constant pe-
riod.

[0017] Preferably, at the timing where this fixed guard
interval length data format is placed, variable guard in-
terval length placement information is multiplexed and
transmitted to a channel for data transmission. A recep-
tion station then controls the reception timing based on
this transmitted placement information.

[0018] Furthermore, according to an embodiment of a
second aspect of the presentinvention, in a wireless com-
munication system composed of a base station and a
plurality of terminals using a plurality of guard interval
lengths, when a plurality of guard interval lengths are
also provided in the upstream communication from the
terminals to the base station, the placement of the guard
interval length in the upstream communication from the
terminals to the base station is determined based on the
guard interval length placement information of which no-
tification was given by the base station.

[0019] In an embodiment of the present invention, the
determined fixed guard interval length data format is
placed at a constant period. The guard interval is already
known at this timing, thereby reducing the processing
load.

[0020] In addition, in an embodiment of the present
invention, because the placement information of variable
guard interval lengths can be knowninadvance, process-
ing can be reduced, an increase in the circuit scale can
be prevented, and power can be conserved when there
is no need for reception. When applied to a terminal of a
wireless communication system composed of a base sta-
tion and plurality of terminals, transmission can be per-
formed with the same guard interval length as that notified
by the guard interval length placement information. This
prevents the deterioration of reception characteristics.
[0021] Furthermore, on the reception-end, determin-
ing whether to receive a short Gl slot or a long Gl slot
can reduce power consumption. The determination is
made by identifying the services requested by the recep-
tion end, the reception quality, the distance from the base
station, and by determining the reception timing from the
placement information.

[0022] Reference will now be made, by way of exam-
ple, to the accompanying drawings, in which:

Fig. 1 is a diagram explaining the creation of a guard
interval;

Fig. 2 is adiagram showing the effect of delay waves
due to multipath;

Fig. 3 is a diagram showing an example of a data
format to which guard intervals have been inserted;
Fig. 4 is a diagram explaining a first example related
to a previously-considered determination of guard
interval length;
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Fig. 5 is a diagram explaining a second example re-
lated to a previously-considered determination of
guard interval length;

Fig. 6 is a configuration diagram of the transmission-
end in a first embodiment of the present invention;
Fig. 7 is a diagram explaining the placement of a
fixed guard interval length in the first embodiment of
the present invention;

Fig. 8 is a configuration diagram of the transmission-
end in a second embodiment of the present inven-
tion;

Fig. 9 is a configuration diagram of the reception-
end in a second embodiment of the present inven-
tion;

Fig. 10 is a diagram explaining the notification of
guard interval length placement information in the
second embodiment of the present invention;

Fig. 11is adiagram showing a configuration example
of the reception-end which performs reception timing
control based on the guard interval length placement
information in the second embodiment of the present
invention;

Fig. 12 is a diagram explaining the reception timing
control by the guard interval length placement infor-
mation in the second embodiment of the present in-
vention;

Fig. 13 is adiagram showing a configuration example
of the reception-end which performs reception timing
control based on the communication service in the
second embodiment of the present invention;

Fig. 14 is a diagram explaining the reception timing
control by the communication service in the second
embodiment of the present invention;

Fig. 15is adiagram showing a configuration example
of the reception-end which performs reception timing
control based on the communication quality in the
second embodiment of the present invention;

Fig. 16 is adiagram showing a configuration example
ofthe reception-end which performs reception timing
control based on the distance between the base sta-
tion and the terminal in the second embodiment of
the present invention; and

Fig. 17 is a configuration diagram of a terminal which
determines the guard interval length transmitted
from the terminal based on the guard interval length
placement information from the base station in the
second embodiment of the present invention.

[0023] Hereinafter, one embodiment of the present in-
vention is described using an OFDM wireless communi-
cation system as an example of a wireless communica-
tion system. However, from the descriptions hereinafter,
it is clear to persons skilled in the art that the present
invention is not limited to the OFDM wireless communi-
cation system. It can be applied to any wireless commu-
nication system that uses a plurality of guard interval
lengths. In addition, although the present invention is de-
scribed in some instances using mobile communication
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as an example, itis clear to persons skilled in the art that
the present invention is not limited to mobile communi-
cation.

[0024] Furthermore, hereinafter, the embodiments of
the present invention are described with a wireless com-
munication system using two types of guard interval
lengths, shown in Fig. 3, as an example of a wireless
communication system using a plurality of guard interval
lengths. For example, if using two types of guard interval
length, a short guard interval length data format #1 is
selected for dedicated data and for small to medium cells
(short cell diameter) . A long guard interval length data
format #2 is selected for broadcast/multicast data and
for large cells (long cell diameter).

[0025] Fig. 6 is a diagram showing a configuration of
the reception-end in a first embodiment of the present
invention. As shown in Fig. 6, a guard interval setting
section (40) is added to the configuration of a common
OFDM communication transmission device. The device
comprises of an inverse Fast Fourier transform section
(10) which performs an inverse Fast Fourier transform
on a transmission signal, a guard interval insertion sec-
tion (20) for inserting a guard interval in the transmission
signal on which the inverse Fast Fourier transform has
been performed, and a transmission section (30) for
transmitting the transmission signal in which the guard
interval has been inserted.

[0026] The guard interval setting section (40) instructs
guard interval insertion section (20) of the fixed guard
interval length setting at every constant period.

[0027] The guard interval insertion section (20) inserts
a fixed length guard interval at the specified timing.
[0028] Fig. 7 is a diagram explaining the fixed guard
interval length’ s placement in a first embodiment. For
example, as shown by the arrow in Fig. 7, setting is made
such that data format #2 is always placed at the head of
the frame at a constant period, and transmission is per-
formed.

[0029] Fig. 8 shows the configuration of the transmis-
sion-end in a second embodiment of the present inven-
tion. This embodiment, as compared to the first embod-
iment shown in Fig. 6, adds a placement information de-
termination section (50) for determining the guard interval
length placement information for every time slot of each
frame and a multiplexing section (60). In addition to in-
structing the guard interval insertion section (20) of a fixed
guard interval length’s setting at every constant period,
the guard interval setting section (41) instructs the guard
interval insertion section (20) of a guard interval length’s
setting. The setting is based on the guard interval length
placement information within a constant period deter-
mined by the placement information determination sec-
tion (50). In addition, the guard interval setting section
(41) instructs the multiplexing section (60) to multiplex
the guard interval length placement information as de-
termined by the placement information determination
section (50) to the transmission signal.

[0030] Fig. 9 shows the configuration of the reception-
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end in the second embodiment of the present invention.
[0031] In the reception-end, a reception section (130)
receives a wireless signal. A guard interval removal sec-
tion (120) removes the guard interval having the length
of the guard interval length specified by a guard interval
length setting section (140) from the reception signal.
After the guard interval removal section (120) removes
the guard interval, a Fast Fourier transform section (110)
performs a Fast Fourier transform on the reception sig-
nal. Once the Fast Fourier transform is performed, a pilot
signal extraction section (112) extracts the pilot signal
from the reception signal. A data channel demodulation
and decoding section (114) performs demodulation and
decoding of the data channel based on the extracted pilot
signal, and the decoded reception data is sent to the up-
per layer. In addition, demodulation and the like of the
notification information is performed at every period
specified by a placement information demodulation and
decoding section (116). It notifies the guard interval
length setting section (140) of the guard interval length
placement information within the frame.

[0032] Fig. 10 is a diagram explaining the notification
of the guard interval length placement information in the
foregoing second embodiment. In the example shown in
Fig. 10, the guard interval length of data format #2, shown
in Fig. 3 as the fixed guard interval, is placed in the first
slot of each frame of a channel DCH for data transfer
indicated by the arrow. Furthermore, the guard interval
length is transmitted by the first slot of a notification chan-
nel BCH that is multiplexed to the channel DCH for ded-
icated data transfer. For slots subsequent to the second
slot of the data transfer channel DCH, guard interval
length placement information is then provided.

[0033] Fig. 11 is a diagram showing a configuration
example

wherein the reception timing control is performed based
on the guard interval length placement information in the
reception-end in the second embodiment. The compo-
nents that have the same reference numbers as those
in Fig. 9 are the same as those shown in Fig. 9. In addition
to the components shown in Fig. 9, a reception timing
control section (150) is provided.

[0034] The reception timing control section (150) de-
termines the timing at which reception is to be performed
from the guard interval length of the data to be received
and the guard interval length placement information of
which notification was given by the placement informa-
tion demodulation and decoding section (116) and re-
ceives only the slots to be received.

[0035] Fig. 12 is a diagram explaining the reception
timing control by the guard interval length placement in-
formation in the second embodiment. In Fig. 12, an in-
stance wherein data format #1 is received by the recep-
tion-end is shown. In this example, the fixed guard inter-
val length is the guard interval length of data format #2.
First, the head slot to which the fixed guard interval length
is transmitted is received. Although only data format #1
is received, data format #2 of the first slot is also received
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in order to receive the placement information within the
frame. Only data format#1 is received for the subsequent
slots.
[0036]
example
wherein reception timing control is performed based on
the communication service in the reception-end in the
second embodiment. A communication service selection
section (160) is added to the configuration shown in Fig.
11. The communication service selection section (160)
selects the communication service specified by the user
by, for example key input or the like, and notifies the
reception timing control section (151). If the data format
used, depending on the communication service, is set in
advance, each terminal can acknowledge the communi-
cation service specified by the user, determine the guard
interval length of the data to be received accordingly, and
receive the necessary data.

[0037] Therefore, the reception timing control section
(151) controls the reception timing by the communication
service selected in the communication service selection
section (160). This is in addition to the guard interval
length placement information notified by the placement
information demodulation and decoding section (116).
[0038] Fig. 14 is a diagram explaining the reception
timing control by the communication service in the fore-
going second embodiment. In the reception-end, the re-
ception service determines the guard interval length to
be received.

[0039] Forexample, when receiving unicast data, data
format #1 with a short guard interval length is received.
When receiving data such as multicast and the like, data
format #2 with a long guard interval length is received.
In the example in Fig. 14, the terminal 1 receives inicast
data and the terminal 2 receives multicast data.

[0040] Fig. 15 is a diagram showing a configuration
example of the reception-end that performs reception
timing control based on communication quality. A delay
profile measurement section (170) is added to the con-
figuration shown in Fig. 11. The delay profile measure-
ment section (170) measures the delay profile using the
reception signal from which the guard interval has been
removed in the guard interval removing section (120),
before Fast Fourier transform is performed.

[0041] Forexample, in the reception-end the guard in-
terval length to be received is determined by the delay
profile, as the reception quality. Therefore, a reception
timing control section (152) controls the reception timing
by the delay profile measured in the delay profile meas-
uring section (170). This is in addition to the guard interval
placement information, where the placement information
demodulation and decoding section (116) provides noti-
fication.

[0042] When the delay is short, data format #1 with a
short guard interval length is received. When the delay
is long, data format #2 with a long guard interval length
is received.

[0043] Fig. 16 is a diagram showing a configuration

Fig. 13 is a diagram showing a configuration
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example of the reception-end, which performs reception
timing control based on the distance between the base
station and the terminal, in the second embodiment of
the present invention. A distance measurement section
(180) is added to the configuration shown in Fig. 11. The
distance measurement section (180) determines the dis-
tance between the base station and the terminal by the
level of the pilot signal extracted in the pilot signal ex-
traction section (112). The guard interval length to be
received is then determined by the distance from the base
station. Therefore, a reception timing control section
(153) controls the reception timing by the distance meas-
urement section’s (180) determination of the distance be-
tween the base station and the terminal in addition to the
guard interval placement information provided by the
placement information demodulation and decoding sec-
tion (116).

[0044] When the terminal is close to the base station,
data format #1 with a short guard interval length is re-
ceived. When the terminal is far from the base station,
data format #2 with a long guard interval length is re-
ceived.

[0045] Fig. 17 is a diagram showing a configuration
example of a terminal that determines the guard interval
length to be transmitted from the terminal-end based on
the guard interval length placement information from the
base station.

[0046] The inverse Fast Fourier transform is per-
formed on the transmission signal of the terminal-end in
the inverse Fast Fourier transform section (210). Then a
guard interval is inserted in the guard interval insertion
section (220) . Lastly, the transmission signal is trans-
mitted from the transmission section (230) as an up-
stream communication addressed to the base station.
[0047] In the reception-side of the terminal, the guard
interval length of the data to be transmitted is determined
at the same placement as the received guard interval
length placement information. In the guard interval length
setting section (141), the guard interval length to be trans-
mitted is also determined simultaneously with the guard
interval length to be received. The setting of the guard
interval length is instructed to the guard interval insertion
section (220).

[0048] Therefore, data format of the same guard inter-
val length is also applied when a plurality of terminals
perform a simultaneous random access such as call re-
quests or shared data communication wherein transmis-
sion is performed simultaneously to the base station,
thereby preventing the occurrence of interference.
[0049] Thus, an embodiment of the present invention
can provide a wireless communication system which us-
es aplurality of guard intervals of differing lengths, where-
in at least one transmission-end of the wireless commu-
nication system uses a guard interval of a fixed length at
every constant period.

[0050] A transmission device of the wireless commu-
nication system may comprise a guard interval insertion
section (20) for inserting a guard interval into a transmis-
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sion signal, with a guard interval setting section (40) for
instructing the guard interval insertion section (20) of the
setting of a fixed guard interval length at every constant
period.

[0051] The transmission device may further comprise
a placement information determination section (50) for
determining a plurality of guard interval length placement
information applied in a period to which the timing be-
longs, at a timing at which said guard interval with a fixed
length is used; and a multiplexing section (60) for multi-
plexing the placement information determined in the
placement information determination section (50) and a
transmission signal; wherein said guard interval setting
section (41) further instructs said guard interval insertion
section (20) of the guard interval length’s setting based
on the placement information determined by the place-
mentinformation determination section (50) and instructs
the multiplexing section (60) to multiplex the placement
information determined by the placementinformation de-
termination section (50) to the transmission signal at the
timing at which said guard interval with a fixed length is
used.

[0052] Preferably, in the above wireless communica-
tion system, notification is given of information containing
a plurality of guard interval length placement information
applied in a period to which the timing belongs, at a timing
at which said guard interval with a fixed length is used.
[0053] In this case, a reception device of the wireless
communication system may comprise a guard interval
removal section (120) for removing a guard interval from
a reception signal, comprising: a guard interval length
setting section (140) for instructing the guard interval re-
moval section (120) of the guard interval length to be
removed, based on said plurality of guard interval length
placement information of which notification was given.
[0054] Thereceptiondevice may also have areception
timing control section (150) for determining the timing at
which reception is to be performed based on the guard
interval length of a data to be received and said plurality
of guard interval length placement information of which
notification was given.

[0055] Preferably, a communication service selection
section (160) is further provided in the reception device
for selecting a communication service; wherein said re-
ception timing control section (151) determines which
guard interval length data is to be received, based on the
communication service selected by the communication
service selection section (160).

[0056] Additionally, the reception device may have a
delay profile measurement section (170) for measuring
a delay profile of a reception signal; wherein said recep-
tion timing control section (152) determines which guard
interval length data is to be received, based on the delay
profile measured by the profile measurement section
(170).

[0057] Also, a reception device for use in the system
may comprise a distance measurement section (180) for
measuring the distance between a transmission device
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and said reception device itself;

wherein said reception timing control section (153) de-
termines which guard interval length data is to be re-
ceived, based on the distance measured by the distance
measurement section (180).

[0058] Inanother embodiment of the presentinvention
there is provided a wireless communication system con-
taining a base station and a plurality of terminals, where-
in: in a communication from the base station to the plu-
rality of terminals, a guard interval of a fixed length is
used at each constant period; the plurality of terminals
is notified of information containing a plurality of guard
interval length placement information applied in a period
to which the timing belongs, at a timing at which said
guard interval with a fixed length is used; and the plurality
of terminals determine the guard interval length inserted
into a transmission data, based on the plurality of guard
interval length placement information, when transmitting
data from the terminals to the base station.

[0059] A terminal implemented in the latter wireless
communication system may comprise a guard interval
removal section for removing a guard interval from a re-
ception signal and a guard interval insertion section (220)
for inserting a guard interval in a transmission signal,
comprising: a guard interval length setting section (141)
for instructing the guard interval removal section (120)
of the guard interval length to be removed, based on said
plurality of guard interval length placement information
of which notification was given, and instructing the guard
interval insertion section (220) of the guard interval set-
ting with a guard interval length according to the place-
ment information of which notification was given.
[0060] Another aspect of the present invention con-
cerns a wireless communication method using a plurality
of guard intervals with differing lengths, wherein a guard
interval of a fixed length is used at every constant period.
[0061] In this method, preferably, notification is given
of information containing a plurality of guard interval
length placement information applied in a period to which
the timing belongs, ata timing at which said guard interval
with a fixed length is used.

[0062] The timingatwhichreceptionisto be performed
may be determined from said plurality of guard interval
length placement information at the reception-end.
[0063] In one embodiment, a communication service
selects the guard interval length of data to be received.
[0064] Alternatively, the guard interval length of data
to be received is selected by the communication quality,
or is selected by the distance between a transmission-
end and a reception-end.

[0065] Whenthe above wireless communication meth-
od is used as a wireless communication method between
a base station and a plurality of terminals, in the commu-
nication from the base station to the plurality of terminals,
a guard interval of a fixed length is preferably used at
each constant period; and the plurality of terminals is
notified of information containing a plurality of guard in-
terval length placement information applied in a period
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to which the timing belongs, at a timing at which said
guard interval with a fixed length is used; and the plurality
of terminals determine the guard interval length inserted
into a transmission data, based on the plurality of guard
interval length placement information, when transmitting
data from the terminals to the base station.

Claims

1. A wireless communication system which uses a plu-
rality of guard intervals of differing lengths wherein:

the wireless communication system includes a
frame comprising a plurality of sub-frames being
units of a transmission, the sub-frames compris-
ing a plurality of data symbols and guard inter-
vals of a same length between the data symbols,
each sub-frame being transmitted every frame
period, and a different guard interval length be-
ing available for each sub-frame; and

the wireless communication system includes a
transmission device comprising:

aguard interval insertion section configured
to insert a guard interval of a fixed length
between each of the data symbolsin a spec-
ified sub-frame of the frame;
aplacementinformation determination sec-
tion configured to determine placement in-
formation of a plurality of guard interval
lengths applied in each sub-frame of the
frame; and

a multiplexing section configured to multi-
plex the placement information determined
by the placement information determination
section to a transmission signal in a sub-
frame at a specific position in the frame.

2. The wireless communication system according to
claim 1, wherein
the transmission device further comprises a guard
interval setting section configured to instruct the
guard interval insertion section of setting of a fixed
guard interval length in the specified sub-frame.

3. The wireless communication system according to
claim 1, wherein notification is given of information
containing the placement information of the plurality
of guard interval lengths.

4. A reception device of the wireless communication
system according to claim 3 which comprises a
guard interval removal section configured to remove
a guard interval from a reception signal, comprising:

a guard interval length setting section for in-
structing the guard interval removal section of
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the guard interval length to be removed, based
on the placement information of the plurality of
guard interval lengths of which notification was
given.

5. Awireless communication system containing a base

station and a plurality of terminals, wherein:

the wireless communication system includes a
frame comprising a plurality of sub-frames being
units of a transmission, the sub-frames compris-
ing a plurality of data symbols and guard inter-
vals of a same length between the data symbols,
each sub-frame being transmitted every frame
period, and a different guard interval length be-
ing available for each sub-frame;

the base station comprises:

aguard interval insertion section configured
to insert a guard interval of a fixed length
between each of the data symbols in a spec-
ified sub-frame of the frame;

aplacement information determination sec-
tion configured to determined placement in-
formation of a plurality of guard interval
lengths applied in each sub-frame in the
frame; and

a multiplexing section configured to multi-
plex the placement information determined
by the placement information determination
section to a transmission signal in a sub-
frame at a specific position in the frame;
wherein

the plurality of terminals is notified of infor-
mation containing the placement informa-
tion of the plurality of guard interval lengths;
and

the plurality of terminals determine a guard
interval length of a guard interval inserted
into a transmission data, based on the
placement information of the plurality of
guard interval lengths, when transmitting
data from the terminals to the base station.

A terminal implemented in the wireless communica-
tion system according to claim 5, which comprises
a guard interval removal section configured to re-
move a guard interval from a reception signal and a
guard interval insertion section configured to insert
aguard interval in a transmission signal, comprising:

a guard interval length setting section config-
ured to instruct the guard interval removal sec-
tion of the guard interval length to be removed,
based on the placement information of the plu-
rality of guard interval lengths of which notifica-
tion was given, and to instruct the guard interval
insertion section of the guard interval setting with
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a guard interval length according to the place-
mentinformation of which notification was given.

A wireless communication method using a plurality
of guard intervals with differing lengths, wherein:

a wireless communication system uses a frame
comprising a plurality of sub-frames being units
of a transmission, the sub-frames comprising a
plurality of data symbols and guard intervals of
a same length between the data symbols, each
sub-frame being transmitted every frame period,
and a different guard interval length being avail-
able for each sub-frame; and

a transmission device of the wireless communi-
cation system inserts a guard interval of a fixed
length between each of the data symbols in a
specified sub-frame of the frame;

the transmission device determines placement
information of a plurality of guard interval lengths
applied in each sub-frame in the frame; and
the transmission device multiplexes the deter-
mined placement information to a transmission
signal in a sub-frame at a specific position in the
frame.

The wireless communication method according to
claim 7, wherein notification is given of information
containing the placement information of the plurality
of guard interval lengths.

The wireless communication method according to
claim 8, wherein a timing at which reception is to be
performed is determined from the placement infor-
mation of the plurality of guard interval lengths at a
reception-end and the guard interval length of data
to be received is selected by a communication qual-

ity.

The wireless communication method according to
claim 8, wherein a timing at which reception is to be
performed is determined from the placement infor-
mation of the plurality of guard interval lengths at a
reception-end and the guard interval length of data
to be received is selected by a distance between a
transmission-end and the reception-end.

The wireless communication system according to
claim 1, 2, 3, or 5, wherein the sub-frame at the spe-
cific position is a sub-frame at a head of the frame.

The wireless communication system according to
claim 1, 2, 3, 5, or 11, wherein the placement infor-
mation determined by the placement information de-
termination section indicates whether a guard inter-
val length applied in each sub-frame in the frame is
the fixed length or not.
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13. The wireless communication system according to

claim 1, 2, 3, 5, 11, or 12, wherein each sub-frame
includes a plurality of orthogonal frequency division
multiplexing symbols and each guard interval length
applied in each sub-frame is used as a length of a
guard interval in each of the plurality of orthogonal
frequency division multiplexing symbols in each sub-
frame.
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